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Abstract

Background

Rheumatoid arthritis (RA) is a chronic autoimmune disorder characterized by persistent
synovial inflammation leading to joint destruction, disability, and increased cardiovascular risk.
Exercise is increasingly recognized as a non-pharmacological therapy that may modulate
inflammation and improve clinical outcomes in RA.

Aim

The aim of this review was to evaluate the effects of different exercise modalities on

inflammatory biomarkers in individuals with RA.
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Material and methods

A narrative review was conducted using studies published in peer-reviewed journals, identified
through databases such as PubMed. Randomized controlled trials, clinical interventions, and
systematic reviews assessing the impact of aerobic, resistance, and combined training on
inflammatory markers in adults with RA were included. Data were extracted on exercise
protocols, biomarker outcomes, and methodological quality.

Results:

Exercise interventions in RA show variable effects on inflammatory biomarkers. Aerobic
training consistently reduces CRP and TNF-a, while effects on IL-6 and ESR are less consistent.
Resistance training primarily lowers ESR and CRP, with transient changes in interleukins.
Combined aerobic and resistance programs demonstrate the broadest anti-inflammatory impact,
reducing CRP and IL-6, modulating regulatory T and B cells, and improving disease activity
and quality of life. Short-term, moderate-intensity, and home-based interventions are safe and
effective, whereas low-intensity exercise shows limited biomarker changes.

Conclusions:

Regular exercise is safe and beneficial for patients with RA, reducing disease activity,
improving physical function, and modulating inflammatory biomarkers, particularly CRP and
IL-6. Combined aerobic and resistance training offers the broadest anti-inflammatory and
clinical benefits. Further research is needed to determine the most effective interventions for
targeted modulation of inflammation.

Key words: Rheumatoid arthritis, exercise, inflammation, C-reactive protein, ESR, cytokines,

aerobic training, resistance training.

Introduction

Rheumatoid arthritis (RA) is a chronic, autoimmune inflammatory disease that leads to joint
pain, stiffness, swelling, and progressive disability. In 2020, approximately 17.6 million people
worldwide were living with RA, with an incidence rate of 208.8 cases per 100.000 population.
Women are affected about 2.5 times more often than men. The disease was responsibile for
3.06 DALYSs, with 76 percent of years lived with disability, mainly due to chronic pain and
functional limitations. From 1990 to 2020, the disability burden rose by over 13 percent, and

by 2050 the number of people living with RA may reach 31.7 million. [1]



Patients with RA show significantly higher levels of physical inactivity. As many as 42 percent
of adults with the condition do not engage in any 10-minute bout of moderate or vigorous
physical activity during the week, due in part to pain, fatigue, and low motivation. [2] A
sedentary lifestyle contributes to the development of rheumatoid cachexia, characterized by loss
of muscle mass alongside an increase in fat tissue, which leads to reduced muscle strength and
impaired function. [3] In addition, patients have a higher risk of osteoporosis and fractures.
Osteoporosis is found in 30-50 percent of them.[4] The risk of fractures is twice as high as in
the general population. Low physical activity also worsens cardiorespiratory and metabolic
fitness, contributing to increased cardiovascular risk and lowering quality of life.[5]

Regular physical activity, including activities such as walking or household chores, can improve
patients’ functional abilities and help reduce disease activity. [6] Beyond pharmacological
treatment, it plays an important role due to its anti-inflammatory effects.

In rheumatoid arthritis (RA), the disease process is driven by the production of autoantibodies,
such as RF and ACPA. They trigger an immune response that leads to the release of pro-
inflammatory cytokines like TNF-a, IL-6, IL-1B, and GM-CSF.[7] These cytokines are key
targets for modern biologic therapies.[8] CRP, ESR, and cytokines are routinely measured to
monitor inflammatory activity and assess the effectiveness of therapy.[9]

An increasing number of studies suggest that physical activity, especially when regular and
properly planned, can help lower levels of pro-inflammatory markers in the blood.[10] Unlike
pharmacological treatments, exercise is a safe, non-drug approach that can positively influence
multiple aspects of health in people with RA. [11]

The aim of this review is to evaluate how different forms of physical activity - namely aerobic,
resistance and combined training - affect inflammatory processes in people with RA. Changes
in key inflammatory biomarkers (TNF- a, IL-6, IL-1B, CRP) are discussed in relation to the
intensity and frequency of exercise. The review also highlights the limitations of existing
studies and outlines directions for future research needed to optimize physical activity
recommendations as an adjunct therapy for patients with RA.

Based on the available literature, it remains unclear how different types of physical activity
affect inflammatory markers in patients with RA. There is also a lack of clear data on the
relationship between exercise intensity and frequency and changes in TNF-a, IL-6, IL-1p and
CRP levels. Another challenge is the high heterogeneity of studies, which makes it difficult to

develop practical exercise recommendations.



Regular physical activity is believed to reduce levels of key pro-inflammatory cytokines as well
as CRP in people with RA. It is also suggested that different types of exercise may have varying
anti-inflammatory effects with higher intensity workouts potentially producing a stronger
biological response.

Pathophysiology of Inflammation in RA

The immune system in rheumatoid arthritis doesn’t just malfunction. It becomes the driving
force behind the damage. Disturbances in adaptive immunity play a central role: B and T
lymphocytes trigger a cascade of inflammatory cytokines, fibroblasts become activated, and
together these processes fuel synovial inflammation and joint destruction.[12]

There is strong evidence that autoreactive CD4+ helper T cells play a major role in RA. For
example, most animal models do not develop joint inflammation without these cells. They
infiltrate the synovial membrane in large numbers and become activated there. [13]

Dendritic cells (DCs) present autoantigens and provide naive T cells with costimulatory signals
guiding their differentiation. In RA, this interaction between DCs and T cells is disrupted,
leading to the generation of proinflammatory T cell subtypes. [22]

In response to cytokine signals, CD4+ T cells differentiate into distinct subpopulations. Thl
cells promote inflammation, mainly through IFN-gamma and TNF-a. Th17 cells are crucial in
autoimmune diseases and produce cytokines such as IL-17, IL-6 and GM-CSF. Th2 cells help
regulate the humoral immune response, while Tfh cells support B cell activation and the
production of autoantibodies. [14]

Historically, Thl and Th17 helper T cells were thought to be the main pathogenic cells in RA-
affected joints. However, current evidence does not fully support this idea, making it difficult
to pinpoint which exact T helper cell subtype drives joint inflammation. [13] Other
subpopulations include Th9 cells, whose development depends on TGF-$ and IL-4, and Treg
cells, which help maintain immune tolerance. [14]

A key feature in RA pathogenesis is the lack of immune tolerance. Regulatory T cells (Treg),
which normally suppress autoreactive effector T cells, are reduced in number or functionally
impaired in RA. Similarly, regulatory B cells (Breg), which produce anti-inflammatory
cytokines such as I1L-10, TGF-p and IL-35, are less abundant and unable to control excessive
lymphocyte activation. Together, these disruptions in immune regulation contribute to

persistent autoimmunity and chronic inflammation. [14,17]



Atypical T cell subpopulations, such as yd T cells, NKT cells and MAIT cells, also contribute
to RA pathogenesis. They bridge innate and adaptive immunity, support cytokine production,
and contribute to tissue damage. [15]

B cells contribute to RA pathogenesis in many ways. They produce autoantibodies like RF and
ACPA that drive joint inflammation. They act as antigen-presenting cells, activating T cells and
producing inflammatory cytokines (TNF-a, IL-6, IL-12, IL-23, IL-1a). [16]

Proinflammatory cytokines create a positive feedback loop, amplifying inflammation. [18] TNF,
IL-1, and IL-6 stimulate fibroblast-like synoviocytes (FLS) and macrophages to release more
inflammatory mediators, driving synovial hyperplasia and pannus formation. [21] Activated
FLS produce matrix metalloproteinases and RANKL, which promote osteoclast formation and
lead to cartilage and bone destruction. [20]

Studies on targeted therapies in RA show that specific cytokines play dominant roles in different
stages of the disease. [19]

Biomarkers of disease activity

Assessing rheumatoid arthritis (RA) activity relies on a combination of clinical observation and
analysis of biological markers that reflect the level of inflammation, autoimmunity, and tissue
damage. [23] The most commonly used markers include CRP, ESR, IL-6, TNF-q,
autoantibodies, and matrix metalloproteinases (MMPs).

C-reactive protein is an acute-phase protein produced by the liver in response to interleukin-6
(IL-6). Its levels rise quickly during active inflammation and decrease after effective treatment.
Elevated CRP correlates with disease activity score (DAS28, SDAI) and can help predict the
progression of radiographic changes. [24]

The erythrocyte sedimentation rate (ESR) measures how quickly red blood cells settle in a blood
sample. The faster they settle, the more intense the inflammation usually is. Factors such as
fibrinogen levels and antibodies can influence ESR results. [25]

Although ESR is less precise than CRP and responds more slowly to changes during treatment,
it remains a useful marker in routine diagnostics and clinical studies. [26] Recent data confirm
that both CRP and ESR show a moderate correlation with disease activity, although in up to
40% of RA patients, their levels may remain within the normal range. [25,27]

Interleukin-6 (IL-6) is a pleiotropic cytokine that induces the production of CRP, SAA,
fibrinogen, haptoglobin, and al-antichymotrypsin. Under normal conditions, it is produced

briefly in response to infection or tissue injury, activating defense mechanisms. Its signaling



subsides once the stimulus is removed. In rheumatoid arthritis this regulation is disrupted. [28]
Elevated IL-6 levels serve as a marker of inflammation in RA patients and can help predict
symptom severity, including pain, fatigue, and depression, as well as the treatment response.
[29]

TNF-a, mainly released by macrophages and synovial fibroblasts, is a major driver of chronic
joint inflammation in most RA patients. It increases adhesion molecules, chemokines, and
MMPs, which intensify inflammation. [30,31] The effectiveness of TNF-a inhibitors
(adalimumab, infliximab, etanercept) confirms its key role in disease pathogenesis and its
clinical significance as a biomarker. [32]

Other characteristic markers of RA are rheumatoid factor (RF) and anti-citrullinated protein
antibodies (ACPA). ACPA is more specific to RA than RF, so it is often tested in patients
suspected of having the disease. Both RF and ACPA can indicate a higher risk of rapid disease
progression, severe symptoms outside the joints, and increased mortality. Patients who are
seropositive often respond better to certain targeted treatments, especially rituximab, and using
abatacept in ACPA-positive patients may help delay or even prevent the onset of RA. [33]

In some individuals who will later develop rheumatoid arthritis (RA), autoantibodies -
particularly ACPA - can appear in the blood many years before clinical symptoms arise. [34]
RF and ACPA form immune complexes that activate the complement system, sustaining
inflammation. [34,35] The levels of these antibodies usually do not fluctuate with short-term
changes in disease activity, which limits their usefulness as dynamic markers of treatment
response. [36]

Among matrix metalloproteinases (MMPs), MMP-3 (stromelysin-1) has been studied most
extensively in RA. It is produced by synovial fibroblasts and B cells and contributes to cartilage
destruction and the growth of inflamed synovial tissue. Serum MMP-3 levels correlate with the
severity of joint damage and can decrease in response to effective treatment, making it a
potential biomarker of tissue injury and repair. [25]

These biomarkers show different, though partially overlapping, aspects of RA: from systemic
inflammation (CRP, ESR) to cytokine activity (IL-6, TNF-a), autoimmune responses (RF,
ACPA), and cartilage degradation and tissue remodeling (MMP-3). Traditional markers remain
the cornerstone of evaluating disease progression, but the growing use of molecular markers
allows a deeper understanding of RA development and treatment response. This is particularly

relevant for studies investigating physical activity as a potential strategy to reduce inflammation.



Chronic inflammation and systemic consequences

Chronic inflammation in rheumatoid arthritis (RA) is not limited to joint damage; it also leads
to various systemic effects, including an increased risk of cardiovascular disease, persistent
fatigue, and loss of muscle mass and strength (sarcopenia) [37,38].

People with RA are at higher risk of developing atherosclerosis and heart failure, even in the
absence of traditional risk factors. Chronic inflammation affects blood vessels and disrupts lipid
metabolism. Higher levels of markers like CRP, ESR, IL-6, and TNF-a are linked to greater
chances of cardiovascular death. Keeping disease activity under control, especially with modern
anti-inflammatory treatments, can lower the risk of heart and blood vessel problems. [39,40]
Fatigue is one of the most commonly reported symptoms in RA and often persists even when
joint inflammation is well controlled. Proinflammatory cytokines are thought to play a key role
in causing these disease-related symptoms, including fatigue. [41]

Sarcopenia is common in RA. Depending on the criteria, it affects 24-30% of patients. Some
studies report sarcopenia in up to 60% of patients. [37,42]

Mechanisms of sarcopenia include chronic cytokine activity (IL-6, TNF-a, IL-1B) that shifts
the balance toward catabolism, reduced physical activity due to pain and stiffness, and side
effects of treatment (for example, glucocorticoids). Sarcopenia in RA is associated with poorer
clinical outcomes: greater disability, higher fracture risk, reduced quality of life, and potentially
an increased risk of cardiovascular disease. [37]

Exercise as an anti-inflammatory intervention

Regular exercise plays a key role in improving joint function in patients with rheumatoid
arthritis. By strengthening the muscles surrounding joints, increasing range of motion, and
stimulating the circulatory system, physical activity reduces pain and morning stiffness. [43]
Exercise improves muscle endurance and strength, which translates into better joint
stabilization, greater efficiency in daily activities, and reduced progressive loss of motor
function. [44] Long-term regular training is therefore not only a complement to
pharmacological therapy but also a key element in preventing complications and maintaining
quality of life.

Physical activity influences inflammation through several interrelated mechanisms, including
myokine release by muscles, modulation of adipose tissue and adipokines, and short-term
hormonal responses that regulate immune function. [45] Contracting skeletal muscles secrete

numerous signaling molecules (myokines) that act both locally and systemically. [46]



One of the best-known examples is interleukin-6 (IL-6). Its levels increase dramatically during
exercise, but in this context, it primarily serves an anti-inflammatory function. It stimulates the
production of IL-10 and the IL-1 receptor antagonist. It also inhibits the production of TNF-a.
[47,48] Regular training shifts the cytokine balance toward anti-inflammatory effects in both
the short and long term. Other exercise-induced myokines, such as IL-15, also participate in
immune regulation. [49]

IL-10, whose expression increases in response to IL-6 released during exercise, promotes the
transformation of macrophages into the M2 (reparative) phenotype in both peripheral tissues
and systemic circulation and inhibits pro-inflammatory signaling.[50-52,56] This process helps
reduce inflammation, supports tissue repair, and is considered one of the key immunoregulatory
mechanisms associated with physical activity. The increased IL-10 to TNF-a ratio after training
is considered one of the mechanisms by which physical activity reduces systemic inflammation.
[53]

Regular exercise goes beyond local effects in skeletal muscle; it also affects immune cell
function throughout the body. Exercise modulates T and B cell activity, promoting a balance
between pro-inflammatory and regulatory subtypes, which may limit excessive immune
responses. [54, 55]

Adipose tissue isn’t merely a passive energy store; it actively influences the immune system.
[57,58] People with RA are more likely to have visceral obesity, and this type of fat has a
particularly negative effect: it stimulates the immune system to maintain inflammation and
contributes to a worsening course of the disease. [59,60] Fat cells produce signals called
adipokines (including leptin, adiponectin, and resistin), which can either increase inflammation
or help calm it, depending on the ratio.[61] When the former predominates, the body remains
in “alarm mode”. Regular exercise reduces visceral fat and improves adipokine balance, leading
to an anti-inflammatory effect. [62] As a result, exercise not only strengthens muscles and
improves mood, but also significantly reduces one of the important extra-articular “generators”
of inflammation in RA.

Types and intensity of exercise

Treatment of rheumatoid arthritis (RA) involves various forms of physical activity that affect
joint function, muscle mass, and inflammation.[3] Aerobic exercise, such as walking, cycling,
or swimming, primarily improves cardiorespiratory fitness, joint mobility, and overall physical

fitness, while also having a moderate anti-inflammatory effect. [44] Resistance (strength)



exercises focus on strengthening the muscles surrounding joints, improving stabilization, range
of motion, and limiting progressive loss of muscle function. [43] In practice, combining both
types of training is often recommended, creating programs that simultaneously improve
endurance and muscle strength.[63] For safe and effective exercise in RA, moderate-intensity
sessions of 30—60 minutes, 2—4 times per week, including recovery days and monitoring for
joint pain or swelling, are recommended. [64]

Clinical trials and systematic reviews indicate that both aerobic and strength training can reduce
pain, improve daily activity comfort, and increase range of motion in affected joints. [43,65]
These effects are mediated by strengthening muscles around the joints, modulating tissue blood
supply, and altering inflammatory responses. [66,67] Studies in patients with RA have shown
that exercise programs lead to short-term improvements in pain scores and morning stiffness,
and that regular physical activity maintains these benefits in the long term. [63]

Although beneficial for RA patients, exercise may need to be modified or limited in certain
situations. [68] The main contraindications include periods of disease exacerbation, the
presence of active inflammation in the joints, severe pain, swelling or significant joint
instability. [69]

Regular, long-term physical activity provides many benefits to patients with rheumatoid
arthritis (RA) that go beyond improving joint function.[70] Regular exercise reduces the risk of
cardiovascular disease, which is increased in RA due to chronic inflammation.[71] They
improve bone mineral density, which prevents osteoporosis, and help maintain muscle mass
and strength, limiting the development of sarcopenia. [72,73] Moreover, physical activity
positively impacts mental health by reducing stress and depression and enhances quality of life
by increasing independence in daily activities and overall fitness. [74]

Regular trening in patients with RA improves joint function, strengthens muscles, increases
range of motion, and reduces pain and stiffness. It also has anti-inflammatory effects by
modulating the immune system and adipokine balance, providing benefits both locally and
systemically. Sustained exercise supports cardiovascular, bone, and muscle health, as well as
improving well-being and quality of life. It is crucial to tailor each training program to the
patient’s individual condition.

Effects of exercise on inflammatory biomarkers

Recently, researchers have become increasingly interested in how exercise affects

inflammatory biomarkers in RA patients, in addition to its established benefits on symptoms
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and physical function. Exercise is effective at easing pain, fatigue, and overall disease activity
(DAS28), but its impact on biomarkers such as CRP, ESR, IL-6, and TNF-a remains unclear,
with research findings varying across studies.

Short-term physical exercise does not exacerbate symptoms or inflammatory processes, levels
of CRP, ESR, and proinflammatory cytokines (IL-6, TNF-a) remain stable after single exercise
sessions, dispelling concerns about ‘“exercise-induced disease flares” and supporting the
introduction of physical activity early in treatment.[3,79] In contrast, individualized exercise
programs, monitored regularly (e.g., every three months), can lead to reductions in CRP and
ESR, along with improvements in quality of life, physical capacity, and cognitive function.[75—
78] The anti-inflammatory effects of exercise likely arise primarily from indirect mechanisms
such as enhanced metabolism, reduced oxidative stress, improved neuroendocrine regulation,
and alleviation of pain and fatigue, rather than from direct modulation of cytokine levels.[77]
Studies on aerobic training have shown that aerobic exercise can influence selected
inflammatory biomarkers in rheumatoid arthritis, although the effects are not uniform across all
markers. The most consistently observed outcome is a reduction in CRP, as demonstrated both
in an interventional study where the exercise group experienced a significant decrease in CRP
compared to controls [80], and in an analysis showing that aerobic exercise is among the forms
of activity associated with CRP reduction in populations with chronic diseases [87]. The same
analysis also showed that aerobic training alone led to a significant drop in TNF-a, suggesting
that aerobic exercise may help control the proinflammatory response by influencing key
cytokines involved in chronic inflammation [87]. One possible explanation is that exercise
triggers the release of anti-inflammatory myokines, such as IL-6, and reduces visceral fat, a key
contributor to TNF-a production [47]. In people with RA, a single session of aerobic exercise
raises IL-6 levels. This likely reflects a beneficial, muscle-driven response with anti-
inflammatory effects, even though IL-6 is already elevated at baseline. In healthy individuals
the same exercise did not result in any change in IL-6, and no such increase was observed. [88]
Evidence for a stable impact of aerobic exercise on ESR is limited, as this marker was not
consistently altered in interventions consisting only of aerobic activity. Studies have also
reported decreases in fibrinogen levels and leukocyte counts, further supporting the anti-
inflammatory benefits of aerobic activity in this population [3,75]. This is supported by a meta-
analysis of 13 randomized trials with 967 participants, which found aerobic training to be safe

and effective.[43] Although this analysis did not focus directly on TNF-a or IL-6 levels, the
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observed clinical improvements suggest that aerobic exercise contributes to lowering
inflammation and disease activity, reinforcing its role as a safe adjunctive therapy in RA
management. Aerobic exercise reliably lowers CRP and TNF-a, while its impact on other
interleukins can vary based on the exercise program and the participants involved.

Resistance training tends to have more consistent effects, especially in reducing the markers
commonly used to track inflammation in RA. The most robust and clear effect is seen for ESR,
which showed a significant decrease (SMD —0.86) in a large meta-analysis of 17 RCTSs,
confirming that resistance exercise can effectively modulate inflammatory activity as measured
by classic laboratory markers [81]. A broad analysis also showed that resistance training can
reduce CRP, suggesting that even short, moderate-intensity strength sessions may help improve
systemic inflammation [87]. A study examining the acute response to exercise found that IL-
1B, IL-1ra, IL-10, and IL-6 levels changed immediately afterward, but these effects were
temporary and did not reflect lasting modulation of inflammation, while TNF-a and CRP
remained unchanged [86]. Broader analyses, including 1,128 participants, indicate that
isokinetic exercise reduces CRP, IL-6, and TNF-o, highlighting a more universal anti-
inflammatory effect that may complement biologic therapy [10]. Regular resistance training, as
well as combined moderate-intensity aerobic and resistance exercise, effectively reduces CRP
and ESR, enhances IL-10 levels and immune function (Treg/Breg), while also alleviating
fatigue and improving quality of life.[75-81] However, the direction and magnitude of these
changes may depend on factors such as age, training intensity, and program duration; for
example, in older participants, some studies observed a reduction in Treg and Breg counts
without any increase in disease activity or inflammatory markers [83]. In general, resistance
training primarily lowers ESR and CRP, whereas changes in interleukins appear transient, likely
representing a short-term physiological reaction rather than long-term modulation of cytokines.
A meta-analysis showed that combined training leads to the most consistent and clear reduction
in IL-6, setting it apart from purely aerobic or purely resistance protocols, which did not yield
such uniform results [87]. At the same time, combined training also lowered CRP, a finding
supported both by the review [87] and by an interventional study showing reduced CRP
compared with controls [80]. Another 20-week program found no change in CRP but did show
a significant reduction in regulatory T and B cells (Treg and Breg) [83], suggesting that
combined training may influence inflammation by altering lymphocyte populations, even when

standard markers like CRP stay the same. Its impact on ESR remains uncertain, with available
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studies failing to show consistent decreases [80, 83, 87]. Overall, combined training seems to
have the widest anti-inflammatory effect, lowering IL-6 and CRP while also affecting important
immune regulators, making it the most versatile approach for modulating inflammation.
Short-term and home-based interventions carried out at moderate intensity, including programs
that combine resistance exercise with occupational therapy, have also been shown to improve
DAS28, CRP, and both physical and psychological functioning [84]. High-intensity combined
training (HIIT plus resistance exercise) produced additional benefits, reducing fatigue, pain,
and overall disease activity, while mechanistic analyses showed decreases in IL-6 and TNF-a
[87].

Long-term high-intensity exercise programs, such as the two-year RAPIT trial, improved
physical function and overall wellbeing without increasing CRP or DAS28, confirming that
well-controlled patients can safely engage in intensive training [85]. In contrast, low-intensity
exercise performed for eight weeks did not trigger any anti-inflammatory adaptations, and in
some cases CRP and RF even increased [75].

In summary, different forms of exercise influence inflammation through distinct pathways,
ranging from better circulation to reduced oxidative stress and shifts in cytokine and regulatory
cell activity. Combining aerobic and resistance training appears to be the most effective
approach for lowering CRP, IL-6, and overall disease activity (DAS28), making it a solid
complementary strategy alongside pharmacological treatment in RA [63].

Discussion

Current literature shows a clear research gap when it comes to direct comparisons between
aerobic, resistance, and combined training in terms of their effects on inflammatory markers in
patients with RA. There are still very few studies that directly compare these types of exercise,
especially when it comes to important biomarkers like CRP, IL-6, and TNF-a. Without direct
comparisons, it’s hard to know which type of exercise is most effective at controlling
inflammation.

Evidence from clinical trials and meta-analyses indicates that regular exercise is safe for RA
patients and can influence inflammation, both indirectly through better clinical outcomes and
directly by modulating inflammatory biomarkers. Aerobic, resistance, and combined training

have all been shown to reduce disease activity (DAS28), improve physical function, and

13



decrease fatigue, and most studies report no increase in proinflammatory cytokines in response
to exercise [43,75,79-83]. Many analyses also note moderate reductions in ESR and CRP,
suggesting that the anti-inflammatory effects of exercise are driven largely by improvements in
metabolism, reductions in visceral adiposity, and better regulation of the neuroendocrine system
[77,78].

Resistance and combined training improve muscle strength, help counteract sarcopenia, and
reduce cardiovascular risk, while also exerting beneficial effects on inflammatory markers
without worsening disease symptoms [3,81,85]. These benefits may persist even after the
intervention ends, provided that physical activity is maintained [87]. Regular, individually
tailored exercise is an important component of adjunct therapy in RA, combining improvements
in physical function with immunomodulatory effects.

The way exercise affects the body can differ depending on the type of activity. Aerobic exercise
enhances endothelial function, reduces oxidative stress, and increases tissue insulin sensitivity,
which indirectly contributes to lowering pro-inflammatory cytokines [43,75,89]. Resistance
training induces adaptations in skeletal muscles, boosting the release of anti-inflammatory
myokines (including IL-6 in its anti-inflammatory role, 1L-10, and IL-1ra) [47,50,75].
Combined programs, which integrate both aerobic and resistance components, often produce
the greatest reductions in inflammatory markers and the most significant improvements in
quality of life [76,81,87].

Despite consistent evidence highlighting the safety and benefits of physical activity in RA, the
available studies are highly heterogeneous. Differences exist in patient populations, types and
intensities of exercise, duration of interventions, and methods used to assess biomarkers. Many
analyses involve small sample sizes and short follow-up periods, making it difficult to evaluate
the long-term stability of inflammatory markers [77,81]. Some studies also fail to control for
key confounding factors, such as diet, body composition, or physical activity outside the
intervention. Furthermore, there is a lack of in-depth research examining the molecular
mechanisms of exercise-induced adaptations in patients receiving biologic therapies. Taken
together, these gaps show how important it is to conduct more comparative research on how
aerobic, resistance, and combined exercise influence inflammatory markers.

Conclusions

Regular exercise is a safe and effective addition to treatment for people with rheumatoid

arthritis. Aerobic, resistance, and combined training can all help improve physical function,
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quality of life, and overall well-being, without worsening disease symptoms or inflammation.
Current evidence suggests that exercise has a modest but meaningful anti-inflammatory effect,
mainly through indirect pathways like improved metabolism, reduced visceral fat, lower
oxidative stress, and positive effects on the neuroendocrine system.

Training that combines aerobic and resistance exercises appears to be the most effective for
reducing inflammation and enhancing overall physical function. Consistency and
individualized adjustment of exercise intensity are key to maintaining long-term benefits and
minimizing the risk of disease flares.

Future studies should include larger patient populations, longer follow-up periods, and detailed
assessments of immune responses according to the type of exercise and biologic therapy.
Understanding how exercise influences the immune system at a molecular level can help us
provide clearer guidance on including physical activity in the care of people with RA.
Disclosures

Author's contribution

Conceptualisation: Julia Katarzyna Dusiel, Anna Watachowska, Alicja Tabian, Paulina
Koztowska, Jakub Smet

Methodology: Julia Katarzyna Dusiel, Aleksandra Beata Chojnacka

Software: Julia Katarzyna Dusiel, Jacek Borawski, Julia Burdon-Sajndg

Check: Julia Katarzyna Dusiel

Formal analysis: Julia Katarzyna Dusiel

Investigation: Zofia Szymona-Kuciewicz, Klaudia Katarzyna Bartela

Resources: Anna Walachowska, Alicja Tabian, Klaudia Katarzyna Bartela

Data curation: Paulina Koztowska, Zofia Szymona-Kuciewicz

Writing-rough preparation: Julia Katarzyna Dusiel

Writing review and editing: Julia Katarzyna Dusiel, Jakub Smet, Aleksandra Beata Chojnacka
Visualisation: Jacek Borawski, Julia Burdon-Sajndg

Project administration: Julia Katarzyna Dusiel

All authors have read and agreed with the published version of the manuscript.

Funding Statement: The study did not receive special funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

15



Acknowledgments: Not applicable.

Conflict Of Interest: The author declare no conflict of interest.

References

[1] GBD 2021 Rheumatoid Arthritis Collaborators. Global, regional, and national burden of
rheumatoid arthritis, 1990-2020, and projections to 2050: a systematic analysis of the Global
Burden of Disease Study 2021. Lancet Rheumatol. 2023;5(10):e594-e610. Published 2023 Sep
25. https://doi.org/10.1016/S2665-9913(23)00211-4

[2] Lee J, Dunlop D, Ehrlich-Jones L, Semanik P, Song J, Manheim L, et al. Public health
impact of risk factors for physical inactivity in adults with rheumatoid arthritis. Arthritis Care
Res (Hoboken). 2012;64(4):488-493. http://doi.org/10.1002/acr.21582

[3] Cooney JK, Law RJ, Matschke V, Lemmey AB, Moore JP, Ahmad Y, et al. Benefits of
exercise in rheumatoid arthritis. J Aging Res. 2011;2011:681640. Published 2011 Feb 13.
http://doi.org/10.4061/2011/681640

[4] Ashai S, Harvey NC. Rheumatoid arthritis and bone health. Clin Med (Lond).
2020;20(6):565-567. http://doi.org/10.7861/clinmed.20.6.rabh

[5] Lavie CJ, Ozemek C, Carbone S, Katzmarzyk PT, Blair SN. Sedentary Behavior, Exercise,
and Cardiovascular Health. Circ Res. 2019;124(5):799-815.
http://doi.org/10.1161/CIRCRESAHA.118.312669

[6] Brady SM, Veldhuijzen van Zanten JJCS, Dinas PC, Nightingale TE, Metsios GS, EImsmari

SMA, et al. Effects of lifestyle physical activity and sedentary behaviour interventions on

disease activity and patient- and clinician- important health outcomes in rheumatoid arthritis: a
systematic review with meta-analysis. BMC Rheumatol. 2023;7(1):27. Published 2023 Sep 6.
http://doi.org/10.1186/s41927-023-00352-9

[7] Kondo N, Kuroda T, Kobayashi D. Cytokine Networks in the Pathogenesis of Rheumatoid
Arthritis.  Int  J Mol Sci. 2021;22(20):10922.  Published 2021 Oct 10.
http://doi.org/10.3390/ijms222010922

[8] Siebert S, Tsoukas A, Robertson J, Mclnnes I. Cytokines as therapeutic targets in

rheumatoid arthritis and other inflammatory diseases. Pharmacol Rev. 2015;67(2):280-309.
http://doi.org/10.1124/pr.114.009639

[9] Burska A, Boissinot M, Ponchel F. Cytokines as biomarkers in rheumatoid arthritis.
Mediators Inflamm. 2014;2014:545493. http://doi.org/10.1155/2014/545493

16


https://doi.org/10.1016/S2665-9913(23)00211-4
http://doi.org/10.1002/acr.21582
http://doi.org/10.4061/2011/681640
http://doi.org/10.7861/clinmed.20.6.rabh
http://doi.org/10.1161/CIRCRESAHA.118.312669
http://doi.org/10.1186/s41927-023-00352-9
http://doi.org/10.3390/ijms222010922
http://doi.org/10.1124/pr.114.009639
http://doi.org/10.1155/2014/545493

[10] Lo CN, Wong NEJW, Ho S, Ang EJH, Leung BPL. Evaluating the Effects of Exercise on
Inflammation Markers in Musculoskeletal Pain: A Systematic Review and Meta-Analysis.
Sports (Basel). 2025;13(6):168. Published 2025 May 29.
http://doi.org/10.3390/sports13060168

[11] Li Z, Wang XQ. Clinical effect and biological mechanism of exercise for rheumatoid
arthritis: A mini review. Front Immunol. 2023;13:1089621. Published 2023 Jan 6.
http://doi.org/10.3389/fimmu.2022.1089621

[12] Luo P, Wang P, Xu J, Hou W, Xu P, Xu K, et al. Immunomodulatory role of T helper cells

in rheumatoid arthritis: a comprehensive research review. Bone Joint Res. 2022;11(7):426-438.
http://doi.org/10.1302/2046-3758.117.BJR-2021-0594.R1

[13] Yamada H. The Search for the Pathogenic T Cells in the Joint of Rheumatoid Arthritis:
Which T-Cell Subset Drives Autoimmune Inflammation?. Int J Mol Sci. 2023;24(8):6930.
Published 2023 Apr 8. http://doi.org/10.3390/ijms24086930

[14] Anandan M, Narayanan J. Role of T cells and cytokines in the pathogenesis of rheumatoid
arthritis.  Biochem  Biophys Rep. 2025;44:102278. Published 2025 Oct 7.
http://doi.org/10.1016/j.bbrep.2025.102278

[15] Xu T, Cai H, Liu J, Mao X, Chen Y, Chen M, et al. Exploring the role of unconventional
T cells in rheumatoid arthritis. Front Immunol. 2025;16:1656994. Published 2025 Aug 20.
http://doi.org/10.3389/fimmu.2025.1656994

[16] Yap HY, Tee SZ, Wong MM, Chow SK, Peh SC, Teow SY. Pathogenic Role of Immune
Cells in Rheumatoid Arthritis: Implications in Clinical Treatment and Biomarker Development.
Cells. 2018;7(10):161. Published 2018 Oct 9. http://doi.org/10.3390/cells7100161

[17] Jang S, Kwon EJ, Lee JJ. Rheumatoid Arthritis: Pathogenic Roles of Diverse Immune
Cells. Int J Mol Sci. 2022;23(2):905. Published 2022  Jan 14,
http://doi.org/10.3390/ijms23020905

[18] Fujimoto S, Niiro H. Pathogenic Role of Cytokines in Rheumatoid Arthritis. J Clin Med.
2025;14(18):6409. Published 2025 Sep 11. http://doi.org/10.3390/jcm14186409

[19] Ridgley LA, Anderson AE, Pratt AG. What are the dominant cytokines in early rheumatoid
arthritis?. Curr Opin Rheumatol. 2018;30(2):207-214.
http://doi.org/10.1097/BOR.0000000000000470

17


http://doi.org/10.3390/sports13060168
http://doi.org/10.3389/fimmu.2022.1089621
http://doi.org/10.1302/2046-3758.117.BJR-2021-0594.R1
http://doi.org/10.3390/ijms24086930
http://doi.org/10.1016/j.bbrep.2025.102278
http://doi.org/10.3389/fimmu.2025.1656994
http://doi.org/10.3390/cells7100161
http://doi.org/10.3390/ijms23020905
http://doi.org/10.3390/jcm14186409
http://doi.org/10.1097/BOR.0000000000000470

[20] Bottini N, Firestein GS. Duality of fibroblast-like synoviocytes in RA: passive responders
and imprinted aggressors. Nat Rev Rheumatol. 2013;9(1):24-33.
http://doi.org/10.1038/nrrheum.2012.190

[21] Udalova IA, Mantovani A, Feldmann M. Macrophage heterogeneity in the context of
rheumatoid arthritis. Nat Rev Rheumatol. 2016;12(8):472-485.
http://doi.org/10.1038/nrrheum.2016.91

[22] Wang Z, Zhang J, An F, Zhang J, Meng X, Liu S, et al. The mechanism of dendritic cell-
T cell crosstalk in rheumatoid arthritis. Arthritis Res Ther. 2023;25(1):193. Published 2023 Oct
5. http://doi.org/10.1186/s13075-023-03159-8

[23] Shapiro SC. Biomarkers in Rheumatoid Arthritis. Cureus. 2021;13(5):e15063. Published
2021 May 16. http://doi.org/10.7759/cureus.15063

[24] Pepys MB, Hirschfield GM. C-reactive protein: a critical update. J Clin Invest.
2003;111(12):1805-1812. http://doi.org/10.1172/JC118921

[25] Colina M, Campana G. Precision Medicine in Rheumatology: The Role of Biomarkers in
Diagnosis and Treatment Optimization. J Clin Med. 2025;14(5):1735. Published 2025 Mar 4.
http://doi.org/10.3390/jcm14051735

[26] Harrison M. Erythrocyte sedimentation rate and C-reactive protein. Aust Prescr.
2015;38(3):93-94. http://doi.org/10.18773/austprescr.2015.034

[27] Orr CK, Najm A, Young F, McGarry T, Biniecka M, Fearon U, et al. The Utility and
Limitations of CRP, ESR and DAS28-CRP in Appraising Disease Activity in Rheumatoid
Arthritis.  Front Med  (Lausanne). 2018;5:185. Published 2018 Aug 3.
http://doi.org/10.3389/fmed.2018.00185

[28] Tanaka T, Narazaki M, Kishimoto T. IL-6 in inflammation, immunity, and disease. Cold
Spring Harb  Perspect Biol. 2014;6(10):a016295. Published 2014 Sep 4.
http://doi.org/10.1101/cshperspect.a016295

[29] Strand V, Boklage SH, Kimura T, Joly F, Boyapati A, Msihid J. High levels of interleukin-

6 in patients with rheumatoid arthritis are associated with greater improvements in health-
related quality of life for sarilumab compared with adalimumab. Arthritis Res Ther.
2020;22(1):250. Published 2020 Oct 20. http://doi.org/10.1186/s13075-020-02344-3

[30] Lee A, Qiao Y, Grigoriev G, Chen J, Park-Min KH, Park SH, et al. Tumor necrosis factor

a induces sustained signaling and a prolonged and unremitting inflammatory response in

18


http://doi.org/10.1038/nrrheum.2012.190
http://doi.org/10.1038/nrrheum.2016.91
http://doi.org/10.1186/s13075-023-03159-8
http://doi.org/10.7759/cureus.15063
http://doi.org/10.1172/JCI18921
http://doi.org/10.3390/jcm14051735
http://doi.org/10.18773/austprescr.2015.034
http://doi.org/10.3389/fmed.2018.00185
http://doi.org/10.1101/cshperspect.a016295
http://doi.org/10.1186/s13075-020-02344-3

rheumatoid arthritis synovial fibroblasts. Arthritis Rheum. 2013;65(4):928-938.
http://doi.org/10.1002/art.37853

[31] Farrugia M, Baron B. The role of TNF-a in rheumatoid arthritis: a focus on regulatory T
cells. J Clin Transl Res. 2016;2(3):84-90. Published 2016 Sep 15. PMID: 30873466
https://pubmed.ncbi.nim.nih.gov/30873466/

[32] Aaltonen KJ, Virkki LM, Malmivaara A, Konttinen YT, Nordstrém DC, Blom M.
Systematic review and meta-analysis of the efficacy and safety of existing TNF blocking agents
in treatment  of rheumatoid arthritis. PLoS One. 2012;7(1):e30275.
http://doi.org/10.1371/journal.pone.0030275

[33] Turesson C, Ronnelid J, Kastbom A. Autoantibodies as prognostic markers in rheumatoid
arthritis. J  Transl ~ Autoimmun.  2025;10:100291. Published 2025 May 3.
http://doi.org/10.1016/j.jtauto.2025.100291

[34] Derksen VFAM, Huizinga TWJ, van der Woude D. The role of autoantibodies in the
pathophysiology of rheumatoid arthritis. Semin Immunopathol. 2017;39(4):437-446.
http://doi.org/10.1007/s00281-017-0627-z

[35] Togashi T, Ishihara R, Watanabe R, Shiomi M, Yano Y, Fujisawa Y, et al. Rheumatoid
Factor: Diagnostic and Prognostic Performance and Therapeutic Implications in Rheumatoid
Arthritis.  J Clin Med. 2025;14(5):1529. Published 2025 Feb 25
http://doi.org/10.3390/jcm14051529

[36] Burr ML, Viatte S, Bukhari M, Plant D, Symmons DP, Thomson W, et al. Long-term
stability of anti-cyclic citrullinated peptide antibody status in patients with early inflammatory
polyarthritis. ~ Arthritis Res Ther. 2012;14(3):R109. Published 2012 May 9.
http://doi.org/10.1186/ar3834

[37] Moschou D, Krikelis M, Georgakopoulos C, Mole E, Chronopoulos E, Tournis S, et al.

Sarcopenia in Rheumatoid arthritis. A narrative review. J Frailty Sarcopenia Falls.
2023;8(1):44-52. Published 2023 Mar 1. http://doi.org/10.22540/JFSF-08-044

[38] Zegkos T, Kitas G, Dimitroulas T. Cardiovascular risk in rheumatoid arthritis: assessment,
management and next steps. Ther Adv Musculoskelet Dis. 2016;8(3):86-101.
http://doi.org/10.1177/1759720X16643340

[39] DeMizio DJ, Geraldino-Pardilla LB. Autoimmunity and Inflammation Link to
Cardiovascular Disease Risk in Rheumatoid Arthritis. Rheumatol Ther. 2020;7(1):19-33.
http://doi.org/10.1007/s40744-019-00189-0

19


http://doi.org/10.1002/art.37853
https://pubmed.ncbi.nlm.nih.gov/30873466/
http://doi.org/10.1371/journal.pone.0030275
http://doi.org/10.1016/j.jtauto.2025.100291
http://doi.org/10.1007/s00281-017-0627-z
http://doi.org/10.3390/jcm14051529
http://doi.org/10.1186/ar3834
http://doi.org/10.22540/JFSF-08-044
http://doi.org/10.1177/1759720X16643340
http://doi.org/10.1007/s40744-019-00189-0

[40] Dijkshoorn B, Raadsen R, Nurmohamed MT. Cardiovascular Disease Risk in Rheumatoid
Arthritis Anno 2022. J Clin Med. 2022;11(10):2704. Published 2022 May 11.
http://doi.org/10.3390/jcm11102704

[41] Chmielewski G, Majewski MS, Kuna J, Mikiewicz M, Krajewska-Wtodarczyk M. Fatigue
in Inflammatory Joint Diseases. Int J Mol Sci. 2023;24(15):12040. Published 2023 Jul 27.
http://doi.org/10.3390/ijms241512040

[42] Tam K, Wong-Pack M, Liu T, Adachi J, Lau A, Ma J, et al. Risk Factors and Clinical
Outcomes Associated With Sarcopenia in Rheumatoid Arthritis: A Systematic Review and
Meta-analysis. J Clin Rheumatol. 2024;30(1):18-25.
http://doi.org/10.1097/RHU.0000000000001980

[43] Ye H, Weng H, Xu Y, Wang L, Wang Q, Xu G. Effectiveness and safety of aerobic

exercise for rheumatoid arthritis: a systematic review and meta-analysis of randomized
controlled trials. BMC Sports Sci Med Rehabil. 2022;14(1):17. Published 2022 Feb 5.
http://doi.org/10.1186/s13102-022-00408-2

[44] Lemmey AB, Marcora SM, Chester K, Wilson S, Casanova F, Maddison PJ. Effects of
high-intensity resistance training in patients with rheumatoid arthritis: a randomized controlled
trial. Arthritis Rheum. 2009;61(12):1726-1734. http://doi.org/10.1002/art.24891

[45] Gleeson M, Bishop NC, Stensel DJ, Lindley MR, Mastana SS, Nimmo MA. The anti-
inflammatory effects of exercise: mechanisms and implications for the prevention and treatment
of disease. Nat Rev Immunol. 2011;11(9):607-615. Published 2011 Aug 5.
http://doi.org/10.1038/nri3041

[46] Hoffmann C, Weigert C. Skeletal Muscle as an Endocrine Organ: The Role of Myokines
in Exercise Adaptations. Cold Spring Harb Perspect Med. 2017;7(11):a029793. Published 2017
Nov 1. http://doi.org/10.1101/cshperspect.a029793

[47] Petersen AM, Pedersen BK. The anti-inflammatory effect of exercise. J Appl Physiol
(1985). 2005;98(4):1154-1162. http://doi.org/10.1152/japplphysiol.00164.2004

[48] Lu Z, Wang Z, Zhang XA, Ning K. Myokines May Be the Answer to the Beneficial

Immunomodulation of Tailored Exercise-A  Narrative Review. Biomolecules.
2024;14(10):1205. Published 2024 Sep 25. http://doi.org/10.3390/biom14101205
[49] Khalafi M, Maleki AH, Symonds ME, Sakhaei MH, Rosenkranz SK, Ehsanifar M, et al.

Interleukin-15 responses to acute and chronic exercise in adults: a systematic review and meta-

20


http://doi.org/10.3390/jcm11102704
http://doi.org/10.3390/ijms241512040
http://doi.org/10.1097/RHU.0000000000001980
http://doi.org/10.1186/s13102-022-00408-2
http://doi.org/10.1002/art.24891
http://doi.org/10.1038/nri3041
http://doi.org/10.1101/cshperspect.a029793
http://doi.org/10.1152/japplphysiol.00164.2004
http://doi.org/10.3390/biom14101205

analysis. Front Immunol. 2024,14:1288537. Published 2024 Jan 3.
http://doi.org/10.3389/fimmu.2023.1288537

[50] Rigamonti E, Zordan P, Sciorati C, Rovere-Querini P, Brunelli S. Macrophage plasticity
in skeletal muscle repair. Biomed Res Int. 2014;2014:560629.
http://doi.org/10.1155/2014/560629

[51] Docherty S, Harley R, McAuley JJ, Crowe LAN, Pedret C, Kirwan PD, et al. The effect
of exercise on cytokines: implications for musculoskeletal health: a narrative review. BMC
Sports Sci Med Rehabil. 2022;14(1):5. Published 2022 Jan 6. http://doi.org/10.1186/s13102-
022-00397-2

[52] Nash D, Hughes MG, Butcher L, Aicheler R, Smith P, Cullen T, et al. IL-6 signaling in
acute exercise and chronic training: Potential consequences for health and athletic performance.
Scand J Med Sci Sports. 2023;33(1):4-19. http://doi.org/10.1111/sms.14241

[53] Batista ML Jr, Rosa JC, Lopes RD, Lira FS, Martins E Jr, Yamashita AS, et al. Exercise
training changes IL-10/TNF-alpha ratio in the skeletal muscle of post-MI rats. Cytokine.
2010;49(1):102-108. http://doi.org/10.1016/j.cyt0.2009.10.007

[54] Kruger K, Mooren FC, Pilat C. The Immunomodulatory Effects of Physical Activity. Curr
Pharm Des. 2016;22(24):3730-3748. http://doi.org/10.2174/1381612822666160322145107
[55] Nieman DC, Wentz LM. The compelling link between physical activity and the body's
defense system. J Sport Health Sci. 2019;8(3):201-217.
http://doi.org/10.1016/j.jshs.2018.09.009

[56] Kawanishi N, Yano H, Yokogawa Y, Suzuki K. Exercise training inhibits inflammation in

adipose tissue via both suppression of macrophage infiltration and acceleration of phenotypic
switching from M1 to M2 macrophages in high-fat-diet-induced obese mice. Exerc Immunol
Rev. 2010;16:105-118. PMID: 20839495 https://pubmed.ncbi.nlm.nih.gov/20839495/

[57] Song J, Deng T. The Adipocyte and Adaptive Immunity. Front Immunol. 2020;11:593058.
Published 2020 Nov 27. http://doi.org/10.3389/fimmu.2020.593058

[58] Grant RW, Dixit VD. Adipose tissue as an immunological organ. Obesity (Silver Spring).
2015;23(3):512-518. http://doi.org/10.1002/0by.21003

[59] Giles JT, Allison M, Blumenthal RS, Post W, Gelber AC, Petri M, et al. Abdominal
adiposity in rheumatoid arthritis: association with cardiometabolic risk factors and disease
characteristics. Arthritis Rheum. 2010;62(11):3173-3182. http://doi.org/10.1002/art.27629

21


http://doi.org/10.3389/fimmu.2023.1288537
http://doi.org/10.1155/2014/560629
http://doi.org/10.1186/s13102-022-00397-2
http://doi.org/10.1186/s13102-022-00397-2
http://doi.org/10.1111/sms.14241
http://doi.org/10.1016/j.cyto.2009.10.007
http://doi.org/10.2174/1381612822666160322145107
http://doi.org/10.1016/j.jshs.2018.09.009
https://pubmed.ncbi.nlm.nih.gov/20839495/
http://doi.org/10.3389/fimmu.2020.593058
http://doi.org/10.1002/oby.21003
http://doi.org/10.1002/art.27629

[60] Francisco V, Ruiz-Fernandez C, Pino J, Mera A, Gonzalez-Gay MA, Gomez R, et al.
Adipokines: Linking metabolic syndrome, the immune system, and arthritic diseases. Biochem
Pharmacol. 2019;165:196-206. http://doi.org/10.1016/j.bcp.2019.03.030

[61] Fantuzzi G. Adipose tissue, adipokines, and inflammation. J Allergy Clin Immunol.
2005;115(5):911-920. http://doi.org/10.1016/j.jaci.2005.02.023

[62] Sirico F, Bianco A, D'Alicandro G, Castaldo C, Montagnani S, Spera R, et al. Effects of
Physical Exercise on Adiponectin, Leptin, and Inflammatory Markers in Childhood Obesity:
Systematic  Review and  Meta-Analysis.  Child  Obes.  2018;14(4):207-217.
http://doi.org/10.1089/chi.2017.0269

[63] Zhang Y, He Z, Yin Z, Wang J, Gao W, Jie L. Effect of Exercise Interventions for
Rheumatoid Arthritis: A Systematic Review and Network Meta-Analysis of Randomised
Controlled Trials. J Pain Res. 2025;18:5109-5126. Published 2025 Sep 30.
http://doi.org/10.2147/JPR.S537227

[64] Rausch Osthoff AK, Niedermann K, Braun J, Adams J, Brodin N, Dagfinrud H, et al. 2018
EULAR recommendations for physical activity in people with inflammatory arthritis and
osteoarthritis. Ann Rheum Dis. 2018;77(9):1251-1260. http://doi.org/10.1136/annrheumdis-
2018-213585

[65] Lourenzi FM, Jones A, Pereira DF, Santos JHCAD, Furtado RNV, Natour J. Effectiveness
of an overall progressive resistance strength program for improving the functional capacity of

patients with rheumatoid arthritis: a randomized controlled trial. Clin Rehabil.
2017;31(11):1482-1491. http://doi.org/10.1177/0269215517698732

[66] Huang J, Park HY. Effect of blood flow restriction with low-intensity resistance training

in patients with osteoarthritis and rheumatoid arthritis: a systematic review and meta-analysis
based on randomized controlled trials. Phys Act Nutr. 2024;28(1):7-19.
http://doi.org/10.20463/pan.2024.0002

[67] Andonian BJ, Johannemann A, Hubal MJ, Pober DM, Koss A, Kraus WE, et al. Altered

skeletal muscle metabolic pathways, age, systemic inflammation, and low cardiorespiratory

fitness associate with improvements in disease activity following high-intensity interval
training in persons with rheumatoid arthritis. Arthritis Res Ther. 2021;23(1):187. Published
2021 Jul 10. http://doi.org/10.1186/s13075-021-02570-3

[68] de Jong Z, Vliet Vlieland TP. Safety of exercise in patients with rheumatoid arthritis. Curr
Opin Rheumatol. 2005;17(2):177-182. http://doi.org/10.1097/01.bor.0000151400.33899.88

22


http://doi.org/10.1016/j.bcp.2019.03.030
http://doi.org/10.1016/j.jaci.2005.02.023
http://doi.org/10.1089/chi.2017.0269
http://doi.org/10.2147/JPR.S537227
http://doi.org/10.1136/annrheumdis-2018-213585
http://doi.org/10.1136/annrheumdis-2018-213585
http://doi.org/10.1177/0269215517698732
http://doi.org/10.20463/pan.2024.0002
http://doi.org/10.1186/s13075-021-02570-3
http://doi.org/10.1097/01.bor.0000151400.33899.88

[69] Wu ML, Ma JK, Tsui K, Hoens AM, Li LC. Tailoring Strength Training Prescriptions for
People with Rheumatoid Arthritis: A Scoping Review. Am J Lifestyle Med. 2022;18(2):200-
215. Published 2022 Sep 9. http://doi.org/10.1177/15598276221125415

[70] Hu H, Xu A, Gao C, Wang Z, Wu X. The effect of physical exercise on rheumatoid arthritis:
An overview of systematic reviews and meta-analysis. J Adv Nurs. 2021;77(2):506-522.
http://doi.org/10.1111/jan.14574

[71] Metsios GS, Moe RH, van der Esch M, van Zanten JJCSV, Fenton SAM, Koutedakis Y,
et al. The effects of exercise on cardiovascular disease risk factors and cardiovascular
physiology  in rheumatoid  arthritis. Rheumatol Int. 2020;40(3):347-357.
http://doi.org/10.1007/s00296-019-04483-6

[72] Liao CD, Chen HC, Huang SW, Liou TH. Exercise therapy for sarcopenia in rheumatoid

arthritis: A meta-analysis and meta-regression of randomized controlled trials. Clin Rehabil.
2022;36(2):145-157. http://doi.org/10.1177/02692155211035539

[73] Mochizuki T, Yano K, Ikari K, Okazaki K. Effects of Locomotion Training on Bone
Mineral Density in Patients with Rheumatoid Arthritis. Prog Rehabil Med. 2024;9:20240022.
Published 2024 Jun 18. http://doi.org/10.2490/prm.20240022

[74] Athanasiou A, Papazachou O, Rovina N, Nanas S, Dimopoulos S, Kourek C. The Effects
of Exercise Training on Functional Capacity and Quality of Life in Patients with Rheumatoid
Arthritis: A Systematic Review. J Cardiovasc Dev Dis. 2024;11(6):161. Published 2024 May
22. http://doi.org/10.3390/jcdd11060161

[75] Modarresi Chahardehi A, Masoumi SA, Bigdeloo M, Arsad H, Lim V. The effect of
exercise on patients with rheumatoid arthritis on the modulation of inflammation. Clin Exp
Rheumatol. 2022;40(7):1420-1431. http://doi.org/10.55563/clinexprheumatol/fohyoy

[76] Azeez M, Clancy C, O'Dwyer T, Lahiff C, Wilson F, Cunnane G. Benefits of exercise in
patients with rheumatoid arthritis: a randomized controlled trial of a patient-specific exercise
programme. Clin Rheumatol. 2020;39(6):1783-1792. http://doi.org/10.1007/s10067-020-
04937-4

[77] Fu X, Zhang L, Wang C, Yue J, Zhu H. The effect of exercise therapy on pain, fatigue,

bone function and inflammatory biomarkers individuals with rheumatoid arthritis and knee
osteoarthritis: a meta-research review of randomized controlled trials. Front Physiol.
2025;16:1558214. Published 2025 Apr 9. http://doi.org/10.3389/fphys.2025.1558214

23


http://doi.org/10.1177/15598276221125415
http://doi.org/10.1111/jan.14574
http://doi.org/10.1007/s00296-019-04483-6
http://doi.org/10.1177/02692155211035539
http://doi.org/10.2490/prm.20240022
http://doi.org/10.3390/jcdd11060161
http://doi.org/10.55563/clinexprheumatol/fohyoy
http://doi.org/10.1007/s10067-020-04937-4
http://doi.org/10.1007/s10067-020-04937-4
http://doi.org/10.3389/fphys.2025.1558214

[78] Burghardt RD, Kazim MA, Ruther W, Niemeier A, Strahl A. The impact of physical
activity on serum levels of inflammatory markers in rheumatoid arthritis: a systematic literature
review. Rheumatol Int. 2019;39(5):793-804. http://doi.org/10.1007/s00296-019-04284-x

[79] Balchin C, Tan AL, Golding J, Bissell LA, Wilson OJ, McKenna J, et al. Acute effects of

exercise on pain symptoms, clinical inflammatory markers and inflammatory cytokines in

people with rheumatoid arthritis: a systematic literature review. Ther Adv Musculoskelet Dis.
2022;14:1759720X221114104. Published 2022 Aug 16.
http://doi.org/10.1177/1759720X221114104

[80] Stavropoulos-Kalinoglou A, Metsios GS, Veldhuijzen van Zanten JJ, Nightingale P, Kitas

GD, Koutedakis Y. Individualised aerobic and resistance exercise training improves
cardiorespiratory fitness and reduces cardiovascular risk in patients with rheumatoid arthritis.
Ann Rheum Dis. 2013;72(11):1819-1825. http://doi.org/10.1136/annrheumdis-2012-202075
[81] Wen Z, Chai Y. Effectiveness of resistance exercises in the treatment of rheumatoid
arthritis: A meta-analysis. Medicine (Baltimore). 2021;100(13):e250109.
http://doi.org/10.1097/MD.0000000000025019

[82] Lange E, Kucharski D, Svedlund S, Svensson K, Bertholds G, Gjertsson I, et al. Effects of
Aerobic and Resistance Exercise in Older Adults With Rheumatoid Arthritis: A Randomized
Controlled Trial. Arthritis Care Res (Hoboken). 2019;71(1):61-70.
http://doi.org/10.1002/acr.23589

[83] Andersson SEM, Lange E, Kucharski D, Svedlund S, Onnheim K, Bergquist M, et al.

Moderate- to high intensity aerobic and resistance exercise reduces peripheral blood regulatory

cell populations in older adults with rheumatoid arthritis. Immun Ageing. 2020;17:12.
Published 2020 May 16. http://doi.org/10.1186/s12979-020-00184-y
[84] Cerasola D, Argano C, Chiovaro V, Trivic T, Scepanovic T, Drid P, et al. Physical Exercise

and Occupational Therapy at Home to Improve the Quality of Life in Subjects Affected by
Rheumatoid Arthritis: A Randomized Controlled Trial. Healthcare (Basel). 2023;11(15):2123.
Published 2023 Jul 25. http://doi.org/10.3390/healthcare11152123

[85] de Jong Z, Munneke M, Zwinderman AH, Kroon HM, Jansen A, Ronday KH, et al. Is a
long-term high-intensity exercise program effective and safe in patients with rheumatoid
arthritis? Results of a randomized controlled trial. Arthritis Rheum. 2003;48(9):2415-2424.
http://doi.org/10.1002/art.11216

24


http://doi.org/10.1007/s00296-019-04284-x
http://doi.org/10.1177/1759720X221114104
http://doi.org/10.1136/annrheumdis-2012-202075
http://doi.org/10.1097/MD.0000000000025019
http://doi.org/10.1002/acr.23589
http://doi.org/10.1186/s12979-020-00184-y
http://doi.org/10.3390/healthcare11152123
http://doi.org/10.1002/art.11216

[86] Pereira Nunes Pinto AC, Natour J, de Moura Castro CH, Eloi M, Lombardi Junior I. Acute
effect of a resistance exercise session on markers of cartilage breakdown and inflammation in
women with rheumatoid arthritis. Int J Rheum Dis. 2017;20(11):1704-1713.
http://doi.org/10.1111/1756-185X.13204

[87] Khalafi M, Akbari A, Symonds ME, Pourvaghar MJ, Rosenkranz SK, Tabari E. Influence
of different modes of exercise training on inflammatory markers in older adults with and

without chronic diseases: A systematic review and meta-analysis. Cytokine. 2023;169:156303.
http://doi.org/10.1016/j.cyt0.2023.156303

[88] Ercan Z, Deniz G, Yentur SB, Arikan FB, Karatas A, Alkan G, et al. Effects of acute
aerobic exercise on cytokines, klotho, irisin, and vascular endothelial growth factor responses
in  rheumatoid  arthritis  patients. Ir J Med Sci. 2023;192(1):491-497.
http://doi.org/10.1007/s11845-022-02970-7

[89] Yu Q, Xia Z, Liong EC, Tipoe GL. Chronic aerobic exercise improves insulin sensitivity

and modulates Nrf2 and NF-«B/IkBa pathways in the skeletal muscle of rats fed with a high fat
diet. Mol Med Rep. 2019;20(6):4963-4972. http://doi.org/10.3892/mmr.2019.10787

25


http://doi.org/10.1111/1756-185X.13204
http://doi.org/10.1016/j.cyto.2023.156303
http://doi.org/10.1007/s11845-022-02970-7
http://doi.org/10.3892/mmr.2019.10787

